We aimed to investigate the ideal achieved blood pressure (BP) in ethnic Chinese patients with stable coronary artery disease (CAD) in Taiwan. A total of 2,045 patients (age 63.5 ± 11.9 years, 1,722 male [84.2%]) with stable CAD who had undergone percutaneous coronary interventions were enrolled. The achieved systolic BP was 130.6 ± 17.7 mmHg and diastolic BP was 74.9 ± 12.0 mmHg. In 12 months, patients with systolic BP < 120 mmHg and systolic BP ≥ 160 mmHg had increased risk of total cardiovascular events when compared to those with systolic BP 120-139 mmHg. In 24 months, patients with systolic BP < 120 mmHg and systolic BP ≥ 160 mmHg had increased risk of total cardiovascular events when compared to those with systolic BP 120-139 mmHg; patients with diastolic BP < 70 mmHg had increased risk of total cardiovascular events when compared to those with diastolic BP 70-79 mmHg. In conclusion, systolic BP < 120 mmHg and ≥160 mmHg or diastolic BP < 70 mmHg is associated with increased cardiovascular events, supporting that the optimal BP control should also be justified for stable CAD in non-western cohorts.
, intensive treatment (a systolic BP target of less than 120 mmHg) and standard treatment (a target of less than 140 mmHg) in patients with type 2 diabetes produced similar rates of a composite outcome of fatal and nonfatal major cardiovascular events. These findings suggest that BP targets should be different according to underlying comorbidities.
Coronary artery disease (CAD) is a common comorbidity in clinical practice. In the United States, approximately 1 million percutaneous coronary interventions (PCIs) are performed every year, and about 30-45% of them are performed for the management of stable CAD 8, 9 . The recently published CLARIFY registry reported that systolic BP less than 120 mmHg and diastolic BP less than 70 mmHg were each associated with adverse cardiovascular outcomes in patients with stable CAD in western cohorts 10 . This finding raises concerns about possible harmful effects of overly aggressive BP control in CAD patients. Furthermore, the patients in CLARIFY were follow-up for a median of 5 years. However, the optimal achieved BP is still not fully justified for CAD patients worldwide. The aim of this study is to investigate the effects of achieved BP on 12-and 24-month clinical outcomes in a cohort of ethnic Chinese patients with stable CAD in Taiwan.
Methods
Study subjects. This is a multicenter study conducted in 9 medical centers in Taiwan 11 . A series of patients were initially evaluated based on history of significant CAD documented on coronary angiogram, history of myocardial infarction as evidenced by 12-lead electrocardiography or hospitalization, or history of angina with ischemic electrocardiography changes or positive response to stress test. Patients were enrolled only if (1) they had received successful PCI with either coronary stenting or balloon angioplasty at least once previously, and (2) they had been stable on medical treatment for at least 1 month before enrollment. Patients were excluded if (1) they had been hospitalized for acute coronary syndrome, acute cerebrovascular events, or other acute cardiovascular events within 3 months before enrollment, (2) they planned to receive further coronary revascularization or interventional procedures for other cardiovascular diseases in the following one year, (3) they had significant malignancy or tumor diseases requiring advanced medical or surgical therapy or both in the following one year, (4) they had other major systemic diseases requiring hospitalization or operation in the following one year, or (5) they were unable or unwilling to be followed up in the following one year. Additionally, patients with life expectancies <6 months (e.g., malignant metastatic neoplasm), or treatment with immunosuppressive agents were also excluded 11 . This study complied with the Declaration of Helsinki. It was approved by the independent ethics committees and independent review boards (IRBs) in each hospital, including Taipei Veterans General Hospital, Cheng-Hsin General Hospital, E-Da Hospital, Far Eastern Memorial Hospital, Kaohsiung Medical University Hospital, Mackay Memorial Hospital, China Medical University Hospital, Buddhist Tzu-Chi General Hospital, and National Taiwan University Hospital, as well as the Joint IRB Ethics Committees Review Boards in Taiwan. All of the patients agreed to participate and signed the study's informed consent form.
Baseline data collection. After enrollment, specially trained study nurses and qualified cardiologists collected all data prospectively whenever feasible. Baseline characteristics including risk factors such as history of hypertension, diabetes, smoking and drinking habits as well as medications history were collected by chart review and structured questionnaire.
Body weight and height were recorded in patients without shoes and wearing only light indoor clothes. Body mass index was defined as weight in kilograms divided by the square of height in meters. Waist circumference was measured midway between the iliac crest and the lower-most margin of the ribs. Hip circumference was measured at the maximum circumference of the buttocks as subjects stood with feet placed together. The waist-hip ratio was calculated as 100 × (waist circumference in centimeters/hip circumference in centimeters).
Office BPs were measured at enrollment according to a standardized protocol by a well-trained nurse with an electronic BP monitor in the morning hours after the patients were instructed to sit for 10 minutes in a quiet room. Three consecutive BP measurements were carried out each time. Each measurement was separated by a 30 second pulse measurement. BPs were recorded as the average value of the last two recordings. All analyses were done for systolic BP and diastolic BP separately. Patients were categorized into four groups for each type of BP: systolic BP of <120 mmHg, 120-139 mmHg (reference), 140-159 mmHg, and ≥160 mmHg; and diastolic BP of <70 mmHg, 70-79 mmHg (reference), 80-89 mmHg, and ≥90 mmHg.
Clinical follow up for adverse cardiovascular events. Each patient was prospectively followed up regularly in individual hospital clinics. After enrollment, follow-up data collection occurred at the time of the outpatient clinic visits, if applicable, and approximately every 3 months for the first year and 6 months after the second year following enrollment. Medication prescriptions were given to each patient at the discretion of the individual treating physician.
During follow-ups, the presence of adverse cardiovascular events were recorded, which included cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, hospitalization for unstable angina, peripheral arterial occlusive disorder, and hospitalization for heart failure. Myocardial infarction was confirmed if ischemic symptoms presented with elevated serum cardiac enzyme levels and/or characteristic electrocardiographic changes. Stroke was confirmed if there was a new neurologic deficit lasting for at least 24 hours with definite imaging evidence of cerebrovascular accident either by magnetic resonance imaging or computed tomography scan. Total cardiovascular events included all the events. Total cardiac events included cardiovascular death, nonfatal myocardial infarction, and hospitalization for unstable angina.
SCIENTIFIC RepORTs | 7: 10137 | DOI:10.1038/s41598-017-10628-z Statistical Analysis. All baseline characteristics of the patients were expressed as mean ± standard deviation or frequency (percentage). Parametric continuous data between different BP groups were compared by one-way analysis of variance. Categorical variables were analyzed by Chi-Square test or Fisher's Exact test. Survival analysis was assessed using Kaplan-Meier analysis, with significance based on the log-rank test. A restricted cubic spline smoothing technique was used to interpolate the overall trend of risks through the range of systolic and diastolic BP values, respectively. To assess the association between achieved BP and cardiovascular outcomes, we conducted Cox proportional hazard regression models. In addition to crude hazard ratios (HRs), adjusted HRs were estimated after adjustment for potential confounding factors. HRs of systolic BP for clinical outcomes in 12 months were adjusted for age, gender, body mass index, history of hypertension, history of diabetes, history of ischemic stroke or transient ischemic attack, and concomitant use of B-blockers, calcium channel blockers, and diuretics. HRs of systolic BP for clinical outcomes in 24 months were adjusted for age, gender, body mass index, history of hypertension, history of diabetes, history of ischemic stroke or transient ischemic attack, and concomitant use of anticoagulants, B-blockers, calcium channel blockers, and diuretics. HRs of diastolic BP for clinical outcomes in 12 months and 24 months were adjusted for age, gender, body mass index, history of hypertension, smoking, alcohol drinking, and concomitant use of B-blockers and diuretics. The p-value was two-sided. A Table 1 . Baseline characteristics of the patients who completed the 12-month-follow up by achieved systolic blood pressure (n = 2,045). ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, beta-blocker; BMI, body mass index; CCB, calcium channel blocker; DBP, diastolic blood pressure; HF, heart failure; MI, myocardial infarction; SBP, systolic blood pressure; TIA, transient ischemic attack. p-value < 0.05 was considered statistically significant. All data processing and statistical analyses were performed using Statistical Analysis Software (SAS), version 9.1 (SAS Institute, Cary, North Carolina).
Results
Baseline characteristics of the patients. A total of 2,045 patients (age 63.5 ± 11.9 years, 1,722 male [84.2%]) with stable CAD who had undergone percutaneous coronary interventions were enrolled. The achieved systolic BP was 130.6 ± 17.7 mmHg and the achieved diastolic BP was 74.9 ± 12.0 mmHg at enrollment. The past medical histories included hypertension (64.2%), diabetes mellitus (35.8%), ischemic stroke/transient ischemic stroke (2.9%), and heart failure (5.1%). Among these patients, 417 (20.4%) patients had a family history of myocardial infarction. A total of 1,101 patients (53.8%) had a history of smoking, including 656 patients (32.1%) who quit smoking for >1 month, 70 patients (3.4%) who quit smoking for ≤1 month, and 375 patients (18.3%) who were still smoking. A total of 329 patients (16.1%) had a history of alcohol consumption, including 134 patients (6.6%) who drank <1 day/week, 63 patients (3.1%) who drank 1−2 days/week, 55 patients (2.7%) who drank 3-5 days/week, and 77 patients (3.8%) who drank >5 days/week. The drinking amounts were <150 cc/time in 176 patients (8.6%), 150-500 cc/time in 99 patients (4.8%), and >500 cc/time in 54 patients (2.6%). The concomitant medications included anticoagulants (2.7%), antiplatelet (93.0%), angiotensin converting enzyme inhibitors/ angiotensin receptor blockers (63.7%), B-blockers (64.7%), calcium channel blockers (39.2%), diuretics (14.0%), Table 2 . Baseline characteristics of the patients who completed the 24-month-follow up by achieved systolic blood pressure (n = 1,638). ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, beta-blocker; BMI, body mass index; CCB, calcium channel blocker; DBP, diastolic blood pressure; HF, heart failure; MI, myocardial infarction; SBP, systolic blood pressure; TIA, transient ischemic attack.
SCIENTIFIC RepORTs | 7: 10137 | DOI:10.1038/s41598-017-10628-z nitrate/nicorandil (45.6%), and statins (73.5%). All patients completed the 12-month-follow up, and a total of 1,638 patients completed the 24-month-follow up.
Compared to those with low systolic BP, patients with high systolic BP tended to have histories of hypertension, diabetes mellitus, and ischemic stroke/transient ischemic stroke. They also had higher concomitant use of B-blockers, calcium channel blockers, and diuretics (Tables 1 and 2 ).
Compared to those with low diastolic BP, patients with high diastolic BP tended to be younger, male, hypertensive, and have more smoking and drinking habits. They also had higher concomitant use of B-blockers (Tables 3 and 4 ).
Clinical outcomes of the patients in 12 months according to systolic blood pressure. In 12 months, both the lowest and highest systolic BP subgroups had higher total cardiovascular events (systolic BP < 120 mmHg vs. 120-139 mmHg vs. 140-159 mmHg vs. ≥160 mmHg = 8.5% vs. 5.5% vs. 7.6% vs.13.0%, p = 0.012), total cardiac events (systolic BP < 120 mmHg vs. 120-139 mmHg vs. 140-159 mmHg vs. ≥160 mmHg = 6.6% vs. 4.4% vs. 6.1% vs. 11.1%, p = 0.021), and hospitalizations for unstable angina (systolic BP < 120 mmHg vs. 120-139 mmHg vs. 140-159 mmHg vs. ≥160 mmHg = 6.0% vs. 3.1% vs. 4.8% vs. 8.3%, p = 0.013) ( Table 5) .
Kaplan-Meier survival plot showed that patients with systolic BP ≥ 160 mmHg had the highest total cardiovascular events, followed by patients with systolic BP < 120 mmHg and then patients with systolic BP Table 3 . Baseline characteristics of the patients who completed the 12-month-follow up by achieved diastolic blood pressure (n = 2,045). ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, beta-blocker; BMI, body mass index; CCB, calcium channel blocker; DBP, diastolic blood pressure; HF, heart failure; MI, myocardial infarction; SBP, systolic blood pressure; TIA, transient ischemic attack.
140-159 mmHg; patients with systolic BP 120-139 mmHg had the lowest total cardiovascular events (p < 0.001) (Fig. 1A) . A J-shaped curve was shown for the occurrence of the total cardiovascular events, with increased risk at low and high systolic BP values (Fig. 2A) .
Cox regression showed that patients with systolic BP < 120 mmHg (hazard ratio [HR], 1.591; 95% confidence interval [CI], 1.065-2.375, p = 0.023) and systolic BP ≥ 160 mmHg (HR, 2.511; 95% CI, 1.390-4.535, p = 0.002) had increased risk of total cardiovascular events compared to those with systolic BP 120-139 mmHg. Multivariate analysis showed that patients with systolic BP < 120 mmHg (HR, 1.640; 95% CI, 1.094-2.457, p = 0.017) and systolic BP ≥ 160 mmHg (HR, 2.377; 95% CI, 1.307-4.322, p = 0.005) had increased risk of total cardiovascular events compared to those with systolic BP 120-139 mmHg (Table 6 ).
Clinical outcomes of the patients in 12 months according to diastolic blood pressure. In 12 months, the clinical outcomes were similar in the 4 diastolic BP subgroups (Table 5) . Kaplan-Meier survival plot showed no significant differences between the 4 diastolic BP subgroups (Fig. 1B) . Although a J-shaped curve was shown for the occurrence of the total cardiovascular events (Fig. 2B) , Cox regression showed that patients in the 4 diastolic BP subgroups had similar risks of total cardiovascular events (Table 6) . Table 5) . Kaplan-Meier survival plot showed that patients with systolic BP ≥ 160 mmHg had the highest total cardiovascular events, followed by patients with systolic BP < 120 mmHg and then patients with systolic BP 140-159 mmHg; patients with systolic BP 120-139 mmHg had the lowest total cardiovascular events (p < 0.001) (Fig. 1C) .
A J-shaped curve was shown for the occurrence of the total cardiovascular events, with increased risk at low and high systolic BP values (Fig. 2C) .
Cox regression showed that patients with systolic BP < 120 mmHg (HR, 1.634; 95% CI, 1.172-2.278, p = 0.004) and systolic BP ≥ 160 mmHg (HR, 2.546; 95% CI, 1.556-4.167, p < 0.001) had increased risk of total cardiovascular events compared to those with systolic BP 120-139 mmHg. Multivariate analysis showed that patients with systolic BP < 120 mmHg (HR, 1.648; 95% CI, 1.177-2.308, p = 0.004) and systolic BP ≥ 160 mmHg Nonfatal stroke, n(%) 3(0.6%) 1(0.2%) 1(0.3%) 1(0.5%) 0.733 PAOD, n(%) 9(1.7%) 3(0.5%) 1(0.3%) 1(0.5%) 0.093 HF hospitalization, n(%) 9(1.7%) 6(1.0%) 1(0.3%) 3(1.6%) 0.297 Table 5 . Cardiovascular outcomes in systolic and diastolic blood pressure subgroups. CV, cardiovascular; DBP, diastolic blood pressure; HF, heart failure; MI, myocardial infarction; PAOD, peripheral artery occlusive disease; SBP, systolic blood pressure.
(HR, 2.518; 95% CI, 1.528-4.149, p < 0.001) had increased risk of total cardiovascular events compared to those with systolic BP 120-139 mmHg (Table 6 ).
Clinical outcomes of the patients in 24 months according to diastolic blood pressure. In 24 months, both the lowest and highest diastolic BP subgroups had higher total cardiovascular events (diastolic BP < 70 mmHg vs. 70-79 mmHg vs. 80-89 mmHg vs. ≥90 mmHg = 15.8% vs. 9.7% vs. 11.5% vs. 14.6%, p = 0.016) ( Table 5) . Kaplan-Meier survival plot showed that patients with diastolic BP < 70 mmHg had the highest total cardiovascular events, followed by patients with diastolic BP ≥ 90 mmHg and then patients with diastolic BP 80-89 mmHg; patients with diastolic BP 70-79 mmHg had the lowest total cardiovascular events (p = 0.017) (Fig. 1D) .
A J-shaped curve was shown for the occurrence of the total cardiovascular events, with increased risk at low and high diastolic BP values (Fig. 2D) .
Cox regression showed that patients with diastolic BP < 70 mmHg (HR, 1.671; 95% CI, 1.192-2.341, p = 0.003) had increased risk of total cardiovascular events compared to those with diastolic BP 70-79 mmHg. Multivariate analysis showed that patients with diastolic BP < 70 mmHg (HR, 1.590; 95% CI, 1.125-2.247, p = 0.009) had increased risk of total cardiovascular events compared to those with diastolic BP 70-79 mmHg (Table 6 ).
Discussion
The main findings of our study were that (1) CAD patients with both achieved systolic BP ≥ 160 mmHg and achieved systolic BP < 120 mmHg had increased total cardiovascular events in 12 months and 24 months follow-up, and (2) CAD patients with achieved diastolic BP < 70 mmHg had increased total cardiovascular events The concept of "J-curve phenomenon" has been noted for decades. Stewart IM found that the relative risk of myocardial infarction in patients with post-treatment diastolic BP < 90 mmHg was more than five times that in patients with diastolic BP 100-109 mmHg 12 . Cruickshank JM was the first to report the "J-curve phenomenon" in which a J-shaped relation was noted between diastolic BP during treatment and myocardial infarction, and with the lowest point of diastolic BP (the J point) between 85 and 90 mmHg 13 . In the ACCOMPLISH trial 14 , major cardiovascular events were significantly lower in those with systolic BP < 140 mmHg and <130 mmHg than those with BP > 140 mmHg. The incidence of composite coronary events (myocardial infarction, hospitalized angina, or sudden death) but not stroke was higher in those with systolic BP < 120 mmHg compared to those with systolic BP < 130 mmHg.
Some studies do not support the J-curve phenomenon. In the substudy of CAMELOT trial 15 , the most favorable rate of progression of coronary atherosclerosis observed by intravascular ultrasound occurred in subjects with a sustained BP < 120/80 mmHg. However, patients who had undergone PCI or had an angiographic diameter stenosis of >50% were excluded from this trial. Although the SPRINT trial supported more aggressive BP reduction for cardiovascular protection, only 16.7% of the patients had clinical cardiovascular diseases 4 . Furthermore, there is new evidence about J-curve phenomenon of BP in general cohorts. Low diastolic BP was noted to be associated with subclinical myocardial damage and coronary heart disease events, especially in those with diastolic BP below 60 mmHg 16 . In a population of more than 1 million Korean individuals who participated in routine medical examinations, J-curve phenomenon was noted between systolic BP and vascular mortality, which reached a nadir at ≈100 mmHg. Systolic BP < 90 mmHg may portend death from vascular disease, particularly from ischemic heart disease 17 . In addition to the CLARIFY trial 10 , J-curve phenomenon of BP in CAD patients was also supported by other studies [18] [19] [20] [21] . In the post hoc analysis of the INVEST study 18, 19 , the J-shaped relationship was noted between BP and the primary outcome, all-cause death and myocardial infarction, particularly for diastolic BP with a nadir at 119/84 mmHg. In the TNT trial 20 , the relationship between BP and the primary outcome followed a J-curve even after adjusting for baseline covariates, treatment effect, and low-density lipoprotein cholesterol levels. Patients with lower systolic BP (<110-120 mmHg) or diastolic BP (<60-70 mmHg) have increased risks of future cardiovascular events (except stroke). In the PROVE IT-TIMI 22 trial 21 , a J-curve association was noted between BP and the risk of future cardiovascular events, and the study suggested that too low of a BP (especially <110/70 mmHg) may be dangerous. The findings of our study further supported the J-curve phenomenon in a Taiwanese population of CAD patients, in which lower achieved systolic BP (<120 mmHg) or diastolic BP (<70 mmHg) had increased risks of total cardiovascular events.
According to the recent statement by the American Heart Association, American College of Cardiology, and American Society of Hypertension 22 , BP target for patients with hypertension or CAD is <140/90 mmHg. BP < 130/80 mmHg may be appropriate, especially in those with a history of a previous myocardial infarction or stroke, or at high risk for developing either. After the SPRINT trial, there are suggestions that these numbers need to be revised 23 . According to the recent guideline by the European Society of Cardiology 24 , a target systolic BP < 120 mmHg may be considered in some patients if they are at high-risk and tolerate multiple BP lowering drugs. However, the findings of our study, together with CLARIFY registry, raise concerns that systolic BP less than 120 mmHg and diastolic BP less than 70 mmHg may be associated with adverse cardiovascular outcomes in patients with stable CAD. Furthermore, HOPE-3 trial showed that BP treatment does not always confer to lower rates of major cardiovascular events 25 . Although hypertension guidelines suggest BP targets in different populations, the hypertension control rate is still unsatisfied. The Taiwanese Secondary Prevention for Patients with AtheRosCLErotic Disease (T-SPARCLE) Registry was a multicenter observational registry conducted in 14 hospitals in Taiwan 26 . A total of 3,316 outpatients who had established cerebrovascular disease, CAD, or both were recruited. Overall, only 55.9% of patients could achieve BP < 140/90 mmHg for nondiabetic patients and <130/80 mmHg for diabetic patients. In the current study, there were 733 diabetic patients and 1,312 non-diabetic patients. Among these patients, 270 diabetic patients (36.8%) achieved BP < 130/80 mmHg, and 970 non-diabetic patients (73.9%) achieved BP < 140/90 mmHg. Overall, 1,240 of 2045 patients (60.6%) achieved BP < 140/90 mmHg for nondiabetic patients and <130/80 mmHg for diabetic patients. This finding was compatible with the data of the T-SPARCLE Registry. Current hypertension guidelines in Taiwan suggest BP target <130/80 mmHg for CAD patients with or without diabetes 27 . Only 879 patients (43.0%) achieved BP < 130/80 mmHg in our registry, suggesting that more efforts are still required for hypertension management in patients with CAD.
There are some possible mechanisms for the J-curve phenomenon of BP in CAD patients. First, perfusion of the heart might be compromised at too low diastolic BP since the heart is perfused during diastole. For CAD patients, a coronary stenosis will lower the perfusion pressure in the downstream territory, and the autoregulation will also be altered. Therefore, there is a higher possibility of myocardial ischemia when lowering diastolic BP 16, 28 . Second, BP changes continuously from systole to diastole. It is impossible to lower systolic BP without influencing diastolic BP. In order to achieve intensive systolic BP reductions, the diastolic BP may simultaneously become too low, especially in elderly patients with wide pulse pressures.
Study limitations.
There were some limitations in the current study. First, the sample size was relatively small; therefore, we only divided CAD patients into 4 systolic or diastolic BP subgroups. Although we did adjust multiple confounding factors and demonstrated the clear J-curve phenomenon in both systolic and diastolic BP within 24 months follow-up, we did not perform further subgroup analyses of age, gender, or other comorbidities. Further studies with larger sample sizes are still needed. Second, in this study, all the patients were stable during enrollment and followed up regularly for clinical events in the out-patient clinics of the medical centers or teaching hospitals. Their medications may have been adjusted by the specific cardiologists during follow-up according to individual BP changes. Thus, the potential effects of different antihypertensive drugs on clinical outcomes could not be well addressed. Third, most of the events were cardiac events, and the number of strokes was relatively few. We could not determine whether there were different impacts of BP on CAD and stroke, which have been noted in other studies 7, 14, 20 . Fourth, the follow-up durations were limited to only 12 months and 24 months. Although we observed the J-curve phenomenon within 24 months, further studies with long-term follow-ups are still needed. Finally, the BP measurement in our study included only office BP. Further studies to assess ambulatory BP or other BP measurements should be considered to offer more information about BP management in CAD patients.
Conclusion
In a cohort of ethnic Chinese patients with stable CAD in Taiwan, we found the J-curve phenomenon of BP in both 12-and 24-month follow-up. CAD patients with achieved systolic BP < 120 mmHg and ≥160 mmHg or diastolic BP < 70 mmHg had increased cardiovascular events in 24 months. While the response to the changes of BP may vary for clinical outcomes, our findings may provide a rationale to justify whether the BP goals suggested by recent clinical studies in western cohorts, such as SPRINT trial, should be extended to other population cohorts. Aggressive BP control in CAD patients requires caution.
